Pomegranate (Punica granatum L.) is a nutrient dense food rich in beneficial phytochemicals. The aim of this study is to investigate and to determine antioxidant contents from local and highly consumed pomegranate variety called 'Gabsi'. Peels, seeds, leaves and flowers were used to quantify total polyphenols, flavonoids, anthocyanins and hydrolysable tannins. Antioxidants contents were as follows: peel > flower > leaf > seed. Total polyphenols contents from peels were 85.60 ± 4.87 mg gallic acid equivalents per g dry weight (mg GAE/g DW), flavonoids (51.52 ± 8.14 mg rutin equivalents per g DW (mg RE/g DW), anthocyanins (102.2 ± 16.4 mg cyanidin-3-glucoside equivalents per g DW (mg CGE/g DW) and hydrolysable tannins (139.63 ± 4.25 mg tannic acid equivalent per g of DW (mg TAE/g DW). High free radical scavenging activity is reported in peels and flowers. Effective concentration at 50% (EC 50 ) was 3.88 ± 0.33 µg/ml (peels) and 4.55 ± 0.97 µg/ml (flowers). Antioxidant capacity value was respectively 7.50 ± 0.83 Trolox equivalent antioxidant capacity (TEAC) mg/g DW (peels) and 6.39 ± 0.83 TEAC mg/g DW (flowers). Less important values were obtained from leaves (4.16 ± 1.35 TEAC mg/g DW) and seeds (1.10 ± 0.23 TEAC mg/g DW). Peels and flowers extract exhibited higher activities than seeds and leaves. All of these findings implied that bioactive compounds from pomegranate peels, flowers, leaves and seeds might be potential resources for the development of antioxidant function dietary foods. Extraction process of whole fruits may provide a commercial pomegranate juice with high antioxidants and consequently high usefulness antioxidant activities.
INTRODUCTION
Plants are always a rich source of compounds that do not appear essential for primary metabolism, including thousands of secondary metabolites and several macromolecules, such as peptides, proteins, enzymes, lignin and cellulose. Phytochemicals are often referred to non-nutritive compounds thought to be produced by plants as means of protection against such dangers as harmful ultraviolet radiation, pathogens and herbivorous predators.
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The consumption of a plant-based or phytochemicalrich diet has been associated with a reduced risk of chronic human illnesses such as certain types of cancers, inflammation, cardiovascular and neurodegenerative diseases (Kong et al., 2003; Beretta et al., 2009) . Therefore, the chemistry and biology of phytochemicals are of highest importance for evaluation of their potential health benefits to humans. Phenolic compounds, including flavonoids, anthocyanins and tannins, are the main group of antioxidant phytochemicals with interesting properties and have deeply value due to their biological and free radical scavenging activities (Elfalleh et al., 2011) . Traditional medicine practitioners consider pomegranate as a provider of natural antiviral, antifungal, and antibacterial benefits. Since ancient times, pomegranate juice has been used as a natural astringent for treating diarrhoea and harmful internal parasites (Das et al., 1999) . The pomegranate (Punica granatum L.), which belongs to the Punicaceae family, is a nutrient dense food source rich in phytochemical compounds (Seeram et al., 2006; Miguel et al., 2010) . Pomegranates are popularly consumed as fresh fruit, as beverages (for example, juices and wines), as food products (for example, jams and jellies), and as extracts wherein they are used as botanical ingredients in herbal medicines and dietary supplements. The major source of dietary pomegranate phytochemicals is the fruit (peel, seeds and juice). Pomegranate tree has been cultivated and naturalized over the whole Mediterranean region. In Tunisia, it has been cultivated traditionally since ancient time under diverse agroclimatic conditions. Pomegranate is well known typically in the coastal regions and in many regions inside the country (Mars and Marrakchi, 1999) . Previous studies reported that phytochemicals have been identified from various parts of the pomegranate tree and from pomegranate fruit: peel, juice and seeds (Singh et al., 2002; Elfalleh et al., 2009) .
The main objective of this research was to quantify total phenols, flavonoids, anthocyanin and hydrolysable tannins in pomegranate aqueous and methanolic extract from peel, flower, seed and leaf. We compared the antioxidant capacity of different extracts from the different part of the plant. Particularly, we focus in relationships between the content of phenolic compound and the antioxidant activities.
MATERIALS AND METHODS

Plant materials
Leaves, peels, seeds and flowers of pomegranate were harvested in October, 2010 from pomegranate trees in "Gabès" province (Southern Tunisia: 33°40"N, 10°15"E). The sampling was done from different trees of commercial "Gabsi" variety. Samples were collected, sun-dried and powdered. Leave, peel, seed and flower powders (10 g) were extracted by maceration in 100 ml of methanolic extracts at 30°C for one night. Separately, the same amount (10 g) were extracted and stirred with 100 ml of water at 30°C for one night. In each case, the solution was covered with parafilm to prevent the solvent evaporation and taken in continuous agitation for one night. Phenolic compounds" extractions from different tissues were done under homogenous conditions. The extracts were filtered through Whatman No.1 filter paper for removal of particles. Then extracts were pooled and concentrated under vacuum.
Chemicals
All solvents were of reagent grade without any further purification. Gallic acid, cyanidin-3-glucoside, tannic acid and Folin-Ciocalteu"s phenol reagent were purchased from Sigma Chemical Co. (St Louis, MO, USA). Trolox and rutin were purchased from (Aldrich, Milwaukee, WI). The analytical reagent grade methanol was obtained from Lab-Scan (Labscan Ltd, Dublin, Ireland). The water Elfalleh et al. 4725 used in sampling was prepared with a Millipore Simplicity (Millipore S.A.S., Molsheim, France). All chemicals used in antioxidant activities were of chromatography grade quality and were purchased from Sigma Chemical Co. (Poole, Dorset). Spectrophotometric measurements were performed on Shimadzu ultraviolet (UV)-1600 spectrometer (Shimadzu, Kyoto, Japan).
Qualitative phytochemical screening
Each extract was screened for the presence of key families of phytochemicals according to the method cited by Marzouk et al. (2009) and previously reported by Trease and Evans (1984) and Sakar and Tanker (1991) using the related reagents and chemicals. Alkaloids were analyzed using Dragendorff"s reagent confirmed with Bouchardat"s (I2/MgI2) and with Meyer"s reagents (KI/MgCl2). Based on Wilstater test, flavonoids were analyzed with metallic magnesium and hydrochloric acid (HCl). Saponins were tested for their ability to produce suds. Tannins tested with ferric chloride (confirmed with concentrated hydrochloric acid, Bath-Smith reaction).
Determination of total polyphenol content (TPP)
TPP were estimated by the Folin-Ciocalteu method reported in Elfalleh et al. (2009) . From each sample, 0.5 ml of methanolic solution to 0.5 ml of Folin-Ciocalteu (Prolabo) reagent was added. We add 4 ml of a solution of sodium carbonate (1 M). The tubes were laid for 5 min in a water bath at 45°C and then put in a cold water bath. The reading of the absorbance was made at 765 nm using a Shimadzu 1600-UV spectrophotometer. TPP of each fraction were converted into mg gallic acid equivalents per g dry weight (mg GAE/g DW).
Determination of total flavonoids content (TF)
The amount of TF in the extracts was measured spectrophotometrically following the method of Djeridane et al. (2006) . This method was based on the formation of a complex flavonoid-aluminium, having the maximum absorbance at 430 nm. Rutin was used to make a calibration curve. 1 ml of methanolic extract was mixed with 1 ml of 2% AlCl3 methanolic solution. After incubation at room temperature for 15 min, the absorbance of the reaction mixture was measured at 430 nm using a Shimadzu 1600-UV spectrophotometer. TF was expressed as mg rutin equivalents per g DW (mg RE/g DW).
Determination of total anthocyanin content (TA)
TA content was determined by pH differential method using two buffer systems: potassium chloride buffer (pH 1.0, 0.025 M) and sodium acetate buffer (pH 4.5, 0.4 M). Methanolic extract were mixed with 3.6 ml of corresponding buffers and read against water as a blank at 510 and 700 nm (Elfalleh et al., 2011; Çam et al., 2009) . Absorbance (A) was calculated using this formula A = [(A510 -A700) pH1.0 -(A510 -A700) pH4.5] with a molar extinction coefficient of 29600. Results were expressed as mg of cyanidin-3-glucoside equivalents per g DW (mg CGE/g DW).
Determination of hydrolysable tannins content (HTs)
HTs were determined by the method of Çam and Hişil (2010) . 1 ml of 10-fold diluted extracts and 5 ml of 2.5% KIO3 were added into a vial and vortexed for 10 s. In the reaction optimum, absorbance of the red colored mixture was determined at 550 nm versus the prepared water blank. Optimum reaction defined as the time to gain maximum absorbance value, was determined to be 2 min for pomegranate peel extracts and 4 min for standard solutions of tannic acid. Different concentrations of tannic acid solutions (100 to 1600 mg/l) were used for calibrations. The final results were expressed as mg tannic acid equivalent per g of DW (mg TAE/g DW).
2,2-Diphenyl-1-picryl-hydrazyl (DPPH) radical scavenging activity
The scavenging activity on DPPH radical of different extracts was determined following the method reported by Okonogi et al. (2007) . A test solution of deferent concentrations was prepared from a stock solution of methanolic and aqueous extracts (1 mg of dry powder per ml). DPPH (100 µM) was dissolved in methanol and mixed with an aliquot of 100 μl of each dilution. The mixture was shaken vigorously and left to stand for 30 min in the dark at room temperature. After the reaction was allowed to take place in the dark for 30 min, the absorbance at 517 nm was recorded to determine the concentration of remaining DPPH. The radicalscavenging activity was calculated as % inhibition by the following formula:
100 Abs
Effective concentration at 50% (EC50) values calculated denote the effective concentration of a sample required to decrease the absorbance at 517 nm by 50%. All measurements were performed in triplicate.
2, 2´-Azinobis (3-ethylbenzothiazoline)-6-sulfonic acid (ABTS .+ ) radical scavenging activity
ABTS
.+ assay was based on the method of Re et al. (1999) modified. ABTS .+ radical cation was produced by reacting 7 mM ABTS solution with 2.45 mM potassium persulphate and allowing the mixture to stand in the dark at room temperature before use. The ABTS .+ solution was diluted with ethanol to an absorbance of 0.70 ± 0.02 at 734 nm. After addition of 25 µl of sample or Trolox standard to 2 ml of diluted ABTS .+ solution, absorbance at 734 nm was measured at 5 min. Results were expressed as Trolox equivalent antioxidant capacity (TEAC).
Reducing power assay
The reducing power of aqueous and methanolic extracts was quantified according to the method cited by Ferreira et al. (2007) and Singh and Rajini (2004) . 1 ml of reaction mixture, containing various concentrations of samples (0.05, 0.1, 0.2, 0.4, 0.8 and 1.2 mg/ml) in phosphate buffer (0.2 M, pH 6.6), was incubated with potassium ferricyanide (1% w/v) at 50°C for 20 min. The reaction was terminated by adding trichloroacetic acid (TCA) solution (10% w/v) and the mixture was centrifuged at 2000 g for 10 min. The supernatant was mixed with distilled water and ferric chloride (0.1% w/v) solution and the absorbance was measured at 700 nm. Increased absorbance of the reaction mixture indicated increased reducing power. The reducing power was calculated and EC50 values denote the effective concentration at which the absorbance is 0.5.
Statistical analyses
All samples were analyzed in triplicate. The analysis of variance (ANOVA) was conducted to compare the data between peel, seed, leave and flowers of the same pomegranate variety. Statistical analyses were performed using XLSTAT 2009 (www.xlstat.com). Data were expressed as mean ± SD using ANOVA. Differences at p < 0.05 were considered statistically significant by Duncan"s new multiple range test.
RESULTS AND DISCUSSION
Qualitative phytochemical screening
Results (Table 1) show that there is no difference between extraction method (aqueous extracts and methanolic ones). Differences were noted between plant organs: alkaloids and flavonoids in peel and flower were high than seeds and leaves. Saponins were highly present in peel, seeds and flower than leaves, tannin were highly present in peel, leaves and flower than seeds. Indeed, alkaloids are commonly found to have antimicrobial properties (Omulokoli et al., 1997) . Flavonoids have been found to possess antitumoral, antiallergic, and anti-inflammatory activities (Ferrandiz and Alcaraz, 1991; Gil et al., 1994; Terao et al., 1994) . Hydrolysable tannins, in particular, have anti-ischemic activity and an endothelium-dependent vasorelaxant effect (Beretta et al., 2009) . For these reasons, activity cannot be imputed to one family of phytochemicals. The difference between parts can explain and support the uses by old people of specific part of the plant to treat specific illness and disease. 
Total phenols, flavonoids, anthocyanins and hydrolysables tannins contents
All studied phenol contents (Table 2) varied according to plant parts and also extraction solvent. Stintzing et al. (2005) suggested that a considerable diversity of opinion exists on the appropriate method to assess these antioxidants in plant tissues. Results show that with methanol we obtained the highest values of total polyphenols, flavonoids, anthocyaninns and tannins except for the tannin in the seeds. This result is in agreement with Singh et al. (2002) who reported that the maximum antioxidant yield was obtained with methanol compared to acetone and water. Li et al. (2006) suggested that a combination of different solvents seems to be more efficient for extracting antioxidants. As shown in Table 2 , the TPP expressed as mg GAE/g DW are highest in peel (85.60 ± 4.87), followed by flowers (66.29 ± 3.06), leaves (14.78 ± 2.10) and seeds (11.84 ± 1.92). Pande and Akoh (2009) (Kong et al., 2003) . Anthocyanins are the watersoluble pigments responsible for the bright red colour of pomegranate juice. Noda et al. (2002) reported that three major anthocyanidins found in pomegranate juice were delphinidin, cyanidin and pelargonidin. Total hydrolysable tannins are expressed as mg TAE/g DW and varied according to the organ type: peel (139.63 ± 4.25), seeds (29.57 ± 4.54), leaves (128.02 ± 4.49) and flowers (148.24 ± 10.29). These results bring attention to the richness of the different part of pomegranate with natural antioxidant and can explain the interest of traditional medicine practitioners to pomegranate tree and why this plant is considered as medicinal plant. Furthermore, Gil et al. (2000) suggested that some pomegranate juices showed a high antioxidant activity (18 to 20 TEAC), nearly three times the antioxidants of green tea or red wine. Methanol is an effective solvent for polyphenols, and then it is commonly used in the laboratory and in industrial extraction process, while, ordinary people when prepare pomegranate juice, use water. Indeed, water is not an effective solvent for the extraction of phenols compared to methanol. But, results obtained with water show also that different part of pomegranate contained a good quantities of natural antioxidants (Table 2) . Moreover, these results encourage studying more, the possibility to improve the extraction of natural antioxidants using water and avoid organic solvent. Indeed, a suitable extracting procedure should be developed and improved to recover as many antioxidants as possible before an extract rich in natural antioxidants could be further explored for possible application in health-promoting supplements for the food industry .
Antioxidant activities
DPPH is a free radical compound that has been widely used to determine the free radicalscavenging ability of various samples (Amarowicz et al., 2004) . The free radical scavenging activity determined by DPPH was expressed as the EC50 (µg/ml), effective concentration at which the absorbance is 0.5. Each value in the table is represented as mean ± SE (n = 3). Superscript letters with different letters in the same column indicate significant difference (P < 0.05) analyzed by Duncan"s multiple range test. *p-values were determined by Fisher"s exact test, significantly different (P < 0.05); NS, not significant. EC50 value (the effective concentration of extract required to inhibit 50% of the initial DPPH free radical). Results are shown in Table 3 . Results show that both aqueous and methanolic extract displayed good antioxidant activities for all parts of the plants. In both methanol and aqueous extract, the EC 50 value of seed and leaf were higher than flower and peel. The EC 50 value of seed and leaf aqueous extract were 45.05 ± 1.59 and 26.65 ±0.98 µg/ml, respectively, which were higher than those of flower and peel (13.87 ± 3.48 and 11.48 ± 2.29 µg/ml, respectively). With methanol extract, the EC 50 value of seed and leaf (21.00 ± 1.07 and 11.44 ± 1.04 µg/ml, respectively) were also higher than those of flower and peel (3.88 ± 0.33 and 4.55 ± 0.97 µg/ml, respectively). In addition, relative activities of methanol extracts were significantly higher than those of water extracts. Indeed, due to different antioxidant potentials of different compounds, the antioxidant activity of extract strongly dependents on the extraction solvent (Jang et al., 2007) . Based on EC 50 value, the current study coordinates with previous study reporting higher DPPH radical scavenging activity of pomegranate peel compared to pulp in Tunisian pomegranate fruit (Elfalleh et al., 2009 ). The ABTS free radical assay can be used to measure the antioxidant activity of a broad diversity of substances, for example, both aqueous phase radicals and lipid peroxyl radicals (Re et al., 1999; Rice-Evans et al., 1996) . The methanol extracts of the different part showed stronger antioxidant activities than the water extracts (Table 3) . With methanol extract, the ABTS activities of peel and flower (7.5 and 6.39 TEAC mmol/100 g DW, respectively) were higher than those of seed and leaf (1.1 and 4.16 TEAC mmol/100 g DW, respectively). Also, the ABTS activities with water extract of peel and flower are higher than seed and leaf. These differences are due to the content and quality of the phenols in the different part extract. The antioxidant activity of phenolics is mainly due to their redox properties which make them act as reducing agents, hydrogen donors, singlet oxygen quenchers and also may have a metallic chelating potential (Rice-Evans et al., 1996) . In addition, synergism between the antioxidants in the mixture makes the antioxidant activity not only dependant on the concentration, but also on the structure and the interaction between the antioxidants (Djeridane et al., 2006) . Figure 1 shows the reducing powers of pomegranate seed, leaf, flower and peel in aqueous ( Figure 1a ) and methanolic extracts (Figure 1b) . The reducing power of pomegranate extracts (as indicated by the absorbance at 700 nm) correlated well with increasing concentrations. Peel and flower extracts, at all concentrations, exhibited higher activities than seed and leaf. In Table 3 , the reducing power was calculated and EC 50 values denote the effective concentration at which the absorbance is 0.5. Based on p-values, no difference were shown between aqueous and methanolic extract except for leaf (p-value = 0.03). The methanol extracts showed stronger reducing power than theaqueous extracts. EC 50 were respectively 337.84 µg/ml in seed, 293.63 µg/ml in leaf, 180.18 µg/ml in flower and 155.16 µg/ml in peel. In aqueous extracts, EC 50 were respectively 321.15µg/ml in seed, 348.68 µg/ml in leaf, 203.54 µg/ml in flower and 163.50 µg/ml in peel. In literature, many authors reported correlation between antioxidant activity and reducing power of certain plant extracts (PinDer- Duh et al., 1999; Duh, 1998) . The reducing properties are generally associated with the presence of reductones (Duh, 1998) , which having antioxidant action by breaking the free radical chain by donating a hydrogen atom (Gordon et al., 1990) . Fe 2+ has been shown to produce oxyradicals and lipid peroxidation.
Consequently, reduction of Fe 2+ concentrations in the Fenton reaction would protect against oxidative damage (Singh and Rajini, 2004) . Reductones are also reported to react with certain precursors of peroxide, thus, preventing peroxide formation. Our data on the reducing power of pomegranate extracts suggest that it is likely to contribute significantly towards DPPH and ABTS radical scavenging activities.
ACKNOWLEDGMENTS
Authors wish to thank Dr. Khaled Jebahi for providing language help and L. Ben Yahia and N. Kbaier for advice and technical support.
